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ABSTRACT 


A général cost model for an@edueational iis Sreule ome 
formulated. This model is developed by applying classical 
eOntictit Anput-OutpliEpEpmoGedure Se itidmemeetha clo meWilic ice ime. 
Eile OULpDULS and resource inputs Exmst. She expanswonsen 
the classical Leontieff model to the tableau format of the 
wi ecCtimme umhaver YCammletense Pisanmgrs presented ihe penemal 
assumptions relating to input-output models are presented 
and analyzed in the general educational setting. To provide 
an example of possible uses of the model, it is applied to 
meee Naval Postgraduate School and limited empirical results 
are presented. Shortcomings revealed during this first em- 
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L. -INTRODUGT TON 


Recent increased @ise of InpUL-ClltpuL models pic 
dactive cost modelis@has, resulted im averowineg  imterese 
apomeé the anterworkings of these type wmode lists ligt accu 
mepresents the author's research in Support oe sence) ie 
Eeetorts Of several professors at the Naval’ Postenaduate 
penool relating to conceptual studies being Conducted by 
mmc Department of the Navy and the Naval Posteraduate 
penool. The two study areas most directly rellated to this 
Peemorc are the Navy"s (OP296) construction Of aneinpur. 
G©utput cost model for the Navy and Marine Corps and the 
mosteraduate School's requirement for a bettex tool™reo sama 
Mien ocnoG:'S Managers in t 
meaquired for the operation of the School. Thus a 15 of 
fame to develop an input-output cost model of Sue alcuze 
and complexity that it 1s possible to apply the model to 
Mmmorganization and analyze the results. Proceeding thus 
/mmatcswatrectiy to the Navy's studies and may in 2ace 1re- 
eelt in procedures that can be adapted for use at the Post- 
Peaduate School. The actual model construction should lead 
to a better understanding, and thus increase knowledge, 
relative to the development of model parameters, means of 
aeerecatiomeot variables, interpretation of variables, and 
Getler such areas. 


It is envisioned presently that the total research ef- 


fort will be separated into two phases. Phase ! will be 








directed at the general development of procedurese or the 
use Of input-output techniques ime@eost mode ieee ao seo 
attempt a first empirical application ef thee pmeccaurc- 
to “ae specific organization. The@appltearven of ene. meme 
output technique should lead to the development of and 
possible interpretation of a specific set of variables, 
Getinition of measures Of OUtpUL and input, eamamencwoatdcem. 
tienand use of actual dataw™ain a first attemp@meer empirical 
m@pplication. The final stages of phase 1 will) be devoted 
momusime the forecasting e€rrers, experience developed in 
constructing the model, and any subsequent developments 
mre ocectir outside the Naval Posteraduate School to devel- 
Spmappropriate additional research straterles forsnetimemene 
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ppecitically relates to phase I of the total research er- 
PO 1b. 

Ho support the research strategy outlined apeverei 
was decided to develop a general input-output cost model 
mera Cdaucational institution and then to attenpe toeap— 
ply the procedures specifically to the Naval Postgraduate 
meool. This approach was chosen since, as already men- 
pomedes the Postgraduate School was interested in devel- 
Gpimte a better means of forecasting resource requirements, 
mae School was of such a size that it was believed that 
an input-output model (for the Postgraduate School) would 
not be too large, and data for past resource usage was 


available. 








It is intended that phase Dil wld) be seomteemmeean men 
looking at different operational Giempc plodsm (enemies 
period was the fiscal year) for the@ilodel specie ae, 

a quarter (or twelve week) time period which is the time 
frame in which the Postgraduate School actually soperteese 
Ene effect of applying ditferent rules mn the eacenec netom 
Of variables; and the feasibility of using the model:to 
assist the Postgraduate School with its segmentation prob- 
fem Ine sepmentation problem 15 the grouping vemestndencs 
iiimomsections or classes for instructional purposes. | Tac 
Si portion of this thesis relating to phase 1] dirccem, 
mmencatingl Chapter. 

Since thé primary objective™orf this thesis resules in 
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Sige Tie he se ieee on 
pam aucational institution it seems appropriate to provide 
mepriet discussion relating to the economics of education. 
mieecneral, study within the area Of Educational economics 
memeDecenedirected in two primary areas. The “fiase ane 
Prmbecn concemed principally with (theswanalysis o1e cee 
eeomomic value of education. Efforts in this field have 
memerecd to determination of the contribution of education 
to economic growth through investigation of the impact of 
Seneolingvon labor productivity, occupational mobility, 
miadearstribucion of income. The second area of interest 
has been concerned with the analysis and description of 


Eheweconomic aspects of educational systems. This latter 


area has required the study of the internal efficiency of 








the school and the relations between the costs of educa- 
tion and the financing vor these sco mere 

The educational cost model developed in this thesis 
tiethe context of the educatiomal eeonomics jmemediseus-ed 
1S related to the second area of Interest) cece moe ome 
often necessary to consider the economic value of education 
as the first step in the economic analysis of an education- 
pilmesystem. @ This sequence is essential asmat smammoutpic 
Wolne that is measured ultimately an the applveqaveonso: 
input-output methods. In many cases, as discussed in the 
mot lowineg chapter, the output measure 15 in fact @) value. 
gaiaed' or 'netebenefit" measure that occurs in conjyunetien 
ren the educational process. MJhis analytic déescriupeten 
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Semmens SCHOOL will al 
mianmineg councils to analyze the cost and resource implived- 
ionoms O11 alternative levels and mixes of faculty, students, 
meetlities, and other resources available toa the school, 
they next cnapter, Chapter Ll 1s a diseus-donmes 

marious approaches to the general modelling of educational 
mistitutions. It is included to provide information on 
Sanrent and past research and to discuss some of the ad- 
momtaees and disadvantages of various approaches. This 
Smapter provides survey information for users relating to 


ether types of educational models. Chapter I]1 contains 


Momocussvon Of the applicable mechanics sot sinpuc- GUC pUE 


1 
Blaug, M., e€ditor, Economics of Educate p.o., 
Pemouln Books, 1968. | 
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analysis and presents the development of the general cost 
model. This chapter, Chapter [1] 2) :urene? seomecu ice cmcuise 
cussion of the assumptions relating to the model, either 
in the general case or in a specific applicataemessuch as 
to the Naval Postgraduate School, and a discussion of one 
means of validation. Chapter IV contains the specific 
@pplication of the procedures to the Naval Postgraduate 
eenool., The final chapter@eontains a summary Of this 
mchnor's research effort and some sugeested nestaren areas 
mor future work. Thus the final chapter primarily relates 
jmonareas to be considered in phase I] of the total reseaven 
effort. It should be noted, however, that some of the 
meems discussed in this final chapter are relevant to Tre- 
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II. EDUCATIONAL MODELS 


The degree of complexity of educational modells yy iariec 
from simple aggregate average cost modells to complete cine: 
Hations of the educational inStTeut Ome Wetec cee en 
G@ase, an average cost per Student per 7canyequ eee eee coe 
Moun, Or such 18 computed.  JIhese averages arewpascea om 
meotegating the entire faculty of an academpeudcoanm one 
and all students taught by that same faculty into two cat- 
egories, faculty and students. This aggregation means the 
Mess of information such as explicit identification or sou. 
@ents by degree levels such as B.S., B.A., or M.S. Also 


lost is delineation of specific faculty departmental in- 


~ 
—_ - ~~ 
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Meructiul tO particular Stude 
number of classroom instruction hours provided by a mathe- 
matics department to mechanical engineering students, so- 
ciology students, or management students. In computing 

the average cost per student in this manner the overhead 
costs associated with the educational institution are gen- 
Emally computed on a pro-rata share. These costs relate 
memsuch things as janitorial services, repair and mainte- 
mamee Of facilities, library and computer center opera- 
mons, Or the provision of medical and dental Services. 

The shortcoming of this type of approach results from a 
mariure to delineate explicitly the many interrelations 
tid) exist among the various academic cepaitments,) Ene stu 


dents, and the educational support activities such as 


PZ 








libraries, computer facilitiés, and othe simian oo eaee 
tivities. In this context the ayeraceNeosteeo meena cns 
fails to providestitiewsehsol adiramat Gases Ones eee eee eS 
aid in planning or decision making.) Ine only a eso tusues 
average cost figures would therefore Seen te pewasmande ne 
to indicate changes in total student educational costs on 
aeyear to year basis. Any in-depth analysis one vere eon 
why major changes have occurred still requires a detailed, 
aa Nnenece non=aggregated, investigation of the components 
momen Comprise the total average cost. 

A second type of edwéational model 1s desie¢nedeeosica. 
mime tice Value-added’ Or “Net-peNetle "betwee maui mene 
and output of the system. One approach to analyzing educa- 
mmonal modeéys of this type 1s to censider a Sschooieea pe 
Structured into demand elements and service units which are 
linked together through a set of rules and operating pro- 
cedures men describe the transformation of an input into 
an output. The demand element can most easily be identified 
be, Considering the function or purpose of the educational 
imstitution. One goals structure, or objective, for a school 
discussed by Hamelman and Mazze consists of three broad cat- 
maormtes tor the classification of output of a senool. in 
mais classification scheme the school's outputs are consid- 
ered to be Classroom instruction, researeh by the academic 


departments, and community service activities. This Streeeume 





*Hamelman, P. W., and Mazze, E. M., A Sys“ems View of a 
University: The Missions Concept of Planning- Programming— 
Budgeting, paper presented at Eastern Academy of Managemen: 


Meeting, University of Massachusetis, April 1970. 
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is used in this thesis. Specific examples ot eemeaneenie 
sures for this goals structure might include the number of 
students at various degree levels @{ Bases). > eee mee on 
within academic discipline areas (Math, Engineering, 
Physics); the number of published jantvetes  honenaryeavacase 
or possibly the amount of reference made to a faculty mem- 
wer in the literature;,and Services relating mommeateais 
dental, or counseling problems. The service units can be 
ebassified primarily as the resources available to the 
school less the students. Thus the faculty, classrooms, 
maperatories, grants, and other such resources Conprise 
mre Service population. It is possible for a student toe 


be an element of this population as well as the demand 


epuiation. Seme simple cxXamples of this are interEs, seu- 
dent nurses, or teaching assistants. Rules and operating 


procedures serve two distinct purposes in the present con- 
jmexct. First, they provide the guidelines and directions 
mor the allocation and assignment of the service units to 
the demand population. An example of this function is the 
Beecification and sequencing of courses required for the 
award of different degrees. Second, the specification of 
memes and procedures is necessary for measuring and evalu- 
ating system performance. The requirement to pass success- 
fully a comprehensive examination prior to the award of a 
degree might be an example of a means of evaluating the ed- 
Meational institution's performance. Educational planning 
modeis which employ this concept (value-added) can pe Clas. 
sified penerally into one of four basic functional areas. 
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Enrollment population models include information re- 
lating to the number and types of students. “This antormae 
tion may be as general as the number of students at the 
Beow, M.S., or Ph.D. devel or as Speeutic acmtinc mameipe wom 
students at the M.S. level in mathematics soe curauez ome 
boolean algebra and numbers of students in other academic 
areas with the same amount of specificity. Also included 
moechis area is  anformation relating@to the dynammes of 
student-flow through the educational institution. Manda- 
tory subjects and acceptable elective sequences required 
feo the award of a specific degree represent an example of 
mas type of f£low-dynamics. 

Resource requirements models are used to forecast the 
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elassrooms, laboratories, funds, and the like. fThe deter- 
[mation of the appropriate level is based upen currenteand 
mmovected Student input and any other changes in thewschiool@e 
mes Structure such as increased research effort or expan- 
ded services to society. 

Allocation and scheduling of resources models are used 
£O accomplish the linking of the demand elements and service 
Goets. One side of this process contains all the students 
mieethelr respective course requirements while the other 
recom incittides the classrooms, laboratories, and instructors 
Beailable to the school to accomplish its mission. Indi- 


vidual preferences of students as related to sequencing and 


eilmss times may be allowed to a Ccértainvextent. =in the same 


tS 








manner the individual preferences of faculty members may 
be expressed, and school policies nelatine romero zeae 
classroom and laboratory utilizatiom,)and soe rcomecomi an 
administrative matters may be inserted into the process. 
The eventual output of this process is a schedule for the 
students and faculty. 

The final functional area for an educationalep! anne 
model in the present context is related to the evaluation 
of the system performance. These models are used for review 
@t Specific educational programs, strategies, or system con- 
mrcuration. They are in a sense “yardsticks” im @thatecne, 
serve to compare an actual accomplishment or output with 
that which was projected as being desired. In other words 
macy represent a compurison between a realizatiomeanc @ 
merecast. These models also include related cost-benefit 
pre cOSt-effectiveness measures in the evalWation =scieme. 

The analysis of educational planning models in the 
Manner just described is being investigated by the Western 
maaher Education Institutions and Agencies. The basic de- 
feen of their model includes submodules for student instruc 
tion, research, and external service.* Each of these submodules 
mises faculty, physical facilities, supplies and equipment, 
mesearch, external service activities, library, and other 


meidemic Services as system inputs. The difference between 


“Assubmodule iS a Grouping wemetnose wae tty iimecmot pte 
Mcriturion that comprise one element of the a is structure 
for the school. Each submodule is a complete «ntity and 
hence a major component of the total model. 
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the value of the input and the value of thememeeweeds econ 
sidered to be the “value-added” or “net-beneamammom eae 
student, knowledge, or society.’ The strength of a system 
of this nature is that it provides a complete modelma: 
description of the interrelations of the educational in- 
stitution when all submodules are linked together through 
aimee xecutive or control system. The complexmnatunewonmr me 
functions that must be accomplished in describing student 
emrollment, determining resource requirements, allocate 
and scheduling resources, and evaluating system performance 
makes it extremely unlikely that this type of model can 
ever be implemented without the aid of a computer. °® 


oe 


A similar, though more extensive model, 15 being de= 
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Generalized University Model.""® It is anticipated that 
) Pp 


“Western Interstate Commission for Higher Education 
draft copy, Subject: A Proposal to Design and Implement 
a Management Information System with Common Data Elements 
for Western Hicher Education Institutions and agene1es, 
Merobruary 1908. 


-An excellent example of the magnitude of this problen, 
to include discussion of the computer programming effort, 
Mas been prepared by the Virginia Polytechnic Institute. 
iemrecagcer 1S rererred to - ~ 

Eee, Sang M., and Clayton, Edward R., A Goal™Progran- 
ming Model for Academic Planning, Working Paper Number 27 
of the Department of Business Administration Virginia Poly- 
memmitic Institute and State University prepared for presen- 
mation at the Eleventh American Meeting of the Institute 
of Management Sciences, Los Angeles, California, October 1970. 


‘University of Texas Graduate School of Business final 


meport, Project Generalized University “Yodel Pise iil wb, 


T. W. Ruefli and others, November 1969. : 
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this study will lead to a simulation of the entire univer- 
sity. It is currently planned that sthees 1a we el 
consist-of flow models toOmrepresentmpassacc Ofeleene 
through an educational process, tactical models to deal 
with operational decisions, and planning models which will 
be primarily long-range but will be capable of handling 
problems that may develop on a day to day basis. The flow 
mocelS will represent student, taculty . and facmemeiese 

fie tactical models will accomplish such actions as assien- 
mame OL Laculty and students to courses, facility sascaeonmemce 
administrative functions relating to admission, continuance 
and probation, operational budget actions, and computer 
scheduling. Finally the planning models will relate to 
fem@ancial affairs, facility uSagc, design Of neweuns ver] aay 
merlities, expansion of existing facilities, curricula 
mesearch, personnel actions, land-use, organizational 
meructure, and portfolio management. The flow models, 
mmouch primarily concerned with the present situation, can 
femaestomed tO project into the future> ~ lTacticalswmodels 
will consider the ensuing time period, and planning models 
will be future-oriented with a limited capability to deal 
with problems that arise on a daily basis.’ The complexity 
auc detail of this system equals or exceeds that of the 
merst system discussed in every aspect. Current plans 


soll for the system to be completely computerized. the 
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maonitude of the effort expended in the develope vue: 
mins system has beem sicomtreant yy seelemNs doubtful that 
many institutions can afford to expend the time.) money. 
and talent to develop such a detailed and complete model 
Pee neclYr activities =the final proquetyeaoet eee omce 
vious case, will be a total system model of the univer- 
mecy and its various activities. 

Application of input-output procedures provides a 
possible alternative approach to the modelling of an ed- 
ucational institution. These procedures allow measurement 
me OucputS in terms of classroom instruction, research, 
mimepublic Service and provide explicit delineation of 
mime interactive relations that exist in the school.’ In 
Bemtrast to the two systems just discussed it 1S not nec- 
Besary that this approach be computerized although it may 
Mem Extensive research on the use of input-output pro- 


meaures for cost modelling has been conducted within the 


8 

ihe labors expended by the University of Texas have 
mm@eiuded the efforts (part time in some cases) of one 
dean, two full professors, one project director (an as- 
Sistant professor), nine research associates, and one 
Paministrative assistant. Ibid. 


9 
The three output areas listed here are those previous- 
Mmementioned in Conjunction with a school's goals structure. 
imese are not the only outputs that may be used but are 
molcidered to be representative of most output measures. 
ie interactive relations of a school refer to the as- 
sociations among the various academic departments, support 
eeements such as libraries, and outputs. 
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Department of Defense. These ettorts Nave ne buac mene 
meevlal CONStruction Of Inpul-OuLpUuLemodel Sete econ c. 
partment of Defense activities as early as 1969.*° Since 
this time the Army has constructed an input-output model 
which was used in conjunction with the February 1971 ten- 
maeave fiscal guidance and for construction of computer 
mies used in conjunction with program objective memoranda 
exercises. Also, the Center for Naval Analysis is present- 
ingebuilding an input-output model for the Navy (to include 
MreeMarine Corps). This model will be used by the Navy 
merature planning exercises. Information relating to 
mires status of input-output usage within the Army and the 
Navy has been obtained through communications between 
the author and Army oificiais. 

ime adaptation of the input-output unr rocedmres saeyel = 
Med within the Department of Defense to the formulation 
Or a cost model for an educational institution requires, 
meeeetne most part, only minor changes to the existing 
Seemdard input-output framework. These procedures, in- 
Meer output, do not provide the extensive total system 
model being investigated by the Western Higher Education 
iMieeatutions and Agencies or the inva eS Wy Orn ace 
ies do, however, provide a means for developing possibly 


Metter cost forecasts by those school administrations 
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Preceecadings Of the Fourth 2nnual Pepaniene=et Dea 
mense Cost Research Symposium, The Marine Corr Cost 


Bemei by J. H. Augusta and R. A. Jenner, p. C:=72, 17-18 
March 196°. 
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jmmat are not. able to devote the wresounces tomtnemdey clon. 
ment of a total system. <1 In this eontext) theswinpue euepur 
model is considered to be ampossiblle replacementimmron the 
eOsting procedures presently used by an Edticational in- 
mmcution. The mechanics of application of imput-outmput 
meocedures and their use in construction of a cost model 
pemethe Naval Postgraduate School will be the subject of 


the remainder of this thesis. 


eat 








mii. THE GENERAL MODEL ANDsREEBATED SINE UT OU TP wee Hie wiles 


Cost models may be categorized broadly as being of a 
Bescriptive or preseriptive nature based upon thespurpose 
maecoal of the model, the structure son tie model tiemap. 
mered use of the model, and other related items. Within 
mous general framework it is useful to classify these 
meadels in terms of their basic use. One such Classifica- 
tion scheme or taxonomy has been proposed by C. R. Jones, 
pd will be used in the following discussion.*”* This 
taxonomy identifies a cost model as being a model of pure 
meeical consistency, pure explanation, pure prediction, 
@eemcausal-explanation prediction. A model of pure logi- 
ONiy GeaiS With the micde mami cos. 
emestency. It addresses the question of whether or not 
feeerein 'things" logically lead to certain other “things.” 
timere are no empirical tests required to check this type 
@eemodel. A model of pure explanation of existing obser- 
Vations portrays an existing set of observations. The 
Pemerace cost per student model discussed in the early part 
Mmeechapter I] is representative of this type of model. 
These models are often of a statistical nature and hence 
Meee rical verification procedures do exist. fhe pure pre- 


mmetion model generates forecasts or predictions for a 


‘1Jones, C. R., A Taxonomy for Naval Force Level and 
Structure Models, working papers Naval Postgra uate School, 
Department of Operations Research and Administrative 
merences, Monterey, California; April 1971. 
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Subsequent time period. Empirical veri fi cabwengemeenas 
class of models may be accomplished by comparison of fore- 
cast and realized observations. The educational institu- 
tron cost model presented in this thesis is a member of 
mos Class of models. Specific reference to verification 
mmeene School model will be presented later in this Chap- 
fm §6hLne «final class of models, causal-explanation pre- 
M@metion, represents the most sophisticated type of model 
feenin this taxonomy. This model is again a predictive 
moael. However, in this case, prediction is based on an 
Mmmeerstanding of the existing process in terms of caus- 


2 


maty.? It is hoped that input-output models of the 


femee Proposed in this thesis will pass from the pure pre- 


Cf 


Meron ciass to the CauSai-expianaticn prediction clas 
meet SClcCntific knowledge progresses to the stage that it 
msepossible to physically describe the process being an- 
alyzed. This author believes it is presently questionable 
Mmemamy €Xisting cost model can be considered to be a mem- 
Mer Of this class. This brief discussion of classification 
ememes has been included to present a general framework 
that relates to the basic uses of cost models. The remain- 
der of this Chapter will roe to the use of a modified 
meencieff input-output model as a pure predictive cost 


medel for an educational institution. 


‘2As used here causality is taken to mean that it is 
Messible to relate an outcome to the interacti n of one or 
mere variables. A much more extensive discuss on 1S con- 
mamied on pages 18 and 19 of the paper referred to in 
meeinote 11. 
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The classical Leonticf£f inpubsoutput modelmeoncistsm. « 
manee basic elements. A square matrix 15 USedstowrepresent 
tpeeindustrial classification of an Gconomy. Each row of 
mans matrix contains the amount of a particular industry's 
mal product that 1s used as input for producing the final 
Mmaaauct of the industry in question and all other industries 
in the economy. A single row vector is used to denote the 
maemmt Of a single primary factor (input), sueh as labor 
mequired by each industry in the economy. Finally, a column 
vector is used to provide the amount of exogenous demand 


meet exists for each final product.** 


AS a Simp lt ted ses 
apie, consider a two-industry economy in which industry 
one produces electricity and industry two produces steel. 


7 
Tee 


ty 


. 9 
mae nN ete Nr a rye PypIM rs =e 7° ey + f. = aN err fo ee < . an 
Sloces (Me Gualiticy Of tlic 2 oS Sam cusae sae Oo 


Ch 


SE 
duct required by the jth industry, then X,, represents the 
meet Of electricity required in the production of elce- 
mumecity and X,5 represents the amount Of Cleceulcie, mused 

gm the production of steel. In a physical sense X14, Tep- 
resents the electricity used to operate the lights and other 
electrical devices in the dams, steelmills, and other rela- 
mam activities of the two industries. In a similar manner, 
X54 and X54, represent the amount of steel used in construc- 
tion and related activities in the electricity and steel 


industries respectively. Together X11 X12 Xo1> and X49 


13 

borinmany hobere, sammelsen. PAS, and goollow ek. en 
Linear Programming and Economic Analysis, p. 294-208, McGraw- 
me, 1958. 
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form the square matrix described above. Since this example 
is a two-industry economy the amount of labor required can 
Be represented by Xoy and Xo 9 and the exogenous demand for 
mmal products by dy and d,. Figure I depicts the general 
model for an n-industry economy. 

The cost model used for the educational institution is 
an expansion of the classical model just discussed and por- 
trayed in Figure 1. In the model for the school the single 
vector of exogenous demand is expanded to ine MiGgemany ce cor 
for each output of the school. For the goals structure 
presented in Chapter IT this means there willbe =a Seamer 
of vectors for the outputs of student instruction, research, 
and contributions to society. Also, the single primary face 
tor (input) of labor is repiaced by budgetary inicrualion 
relating to manpower and expenditures. This model (of the 
school) is composed of four sub-elements and 1s depicted 
as shown in Figure 2. Section I of the Figure is fac ee ee 
ditional square matrix depicting the interrelations of the 
school. It lists, for example, the amount of support pro- 
vided by the library or computer center to the academic 
departments, administrative units, and all other elements 
that make up the school. This support may be measured in 
terms of designated work units such as number Of issues OF 
number of jobs processed or it may be measured in terms of 


the amount of time devoted to accomplishing work tasks for 


Meparticular element. All elements of the school required 
for the production of output are portrayed as 7 row and a 
column in this section of the model. Section II of the 
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Bourne contains a series of columny vectors -eonemucascach 
output of the school. Each of these vectors contains in- 
moomation relating to the amount Oi einpue nequined in sono - 
ducing a given level of output. This portion of the model 
mas depicts the exogenous demands for the open model as 
Mentioned above. Section III of the Figure represents the 
Meeoeision of Leontieff's primary factor of inputs” An entry 
mamas section corresponds to the expenditure of a certain 
emgount of funds or allocation of personnel spaces for the 
meer icable school element listed in the columns of Section 
Meo the model. Section IV of the Figure contains the same 
Beagetary-type information for expenditures and manpower 
@elocation related to the outputs of the production process. 
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tions III and IV of the model reveals that these Sections 


maeesent, respectively, the indirect 
Meerating the school. Those familiar 
femeretion of force-cost models within 
tense will recognize immediately that 
meets Of the form of the so-called "E 


rm 


fense Plan.!? The manner in which a 


mes specific tabular form will be po 


and dijmect "eosts oF 
With the ‘current cen. 
the Department of De- 
thas “tab be que 1 cue 
lectric” Five-Year ve. 
SCHOG Mulls Gas teat to 


Stponed Uni Ue tives. 


Sumptions related to the model and the mathematics applica- 


ble to the input-output model are presented. 


This approach 


1*The term, tableau, will be used in the remainder of 


this thesis to denote an input-output 
ration shown in Figure 2. 
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model of the configu- 








is taken since the constraints imposed as a result of the 
assumptions relating to the model and the applicable mathe- 
Mamacs directly affect the school's tabular formulation. 

It 1S important Cow remember tihaieeiewnodetedepretcd sin 
Beeure 2 has simply replaced the single output and single 
mmimary factor of input of Figure 1 with a vector in each 
Gase. Hence, all the traditional assumptions relating to 
Beontieff input-output models remain applicable in the 
modified configuration of Figure 2. These assumptions re- 
meec CO Output measures, returns to scale, and the trans- 
Moemation process of inputs into outputs. Each element in 
maenion | of Figure Z 1s assumed to have a single output 


mearoure, Examples of appropriate measures for a school 


ag nt + SE oer ens ont rar 2 e = e 
Me LliCiuase Cnc amount Or COnp 


e & hates 1 1. ie 
Ti ie, PU ees omy ca 


Q 


Seiputer activity to other school elements, the amount of 
eeassroom or laboratory contact hours expended by an aca- 
demic department, or the number of issues and external 
Memsactions completed by a library. With reference to 
meturns to scale, it is assumed that these are constant. 
fees means that if all inputs are doubled, tripled, or in- 
@eeased k-fold, then all outputs are increased by the same 
Mmeopective amounts. Finally, the transformation of inputs 
into outputs is assumed to be accomplished in a linear 
fashion and, even more importantly, it is assumed that the 
input-output coefficients are constant. These assumptions 
Mall be discussed in greater detail follewine the vexplana- 


mon Of the mathematics of the input-output ime .el. 
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Figure 3 portrays the general tableau for a school 
which has n-inputs, m-outputs, and &-categories of expen- 
diture and manpower assets of interest. The tabular en- 
tries are defined in Table I. To introduce the method 
of working with an input-output model the solution to fete 
two-industry economy problem previously introduced will 
now be presented. For this example the solution procedure 
deals with the problem of determining the appropriate level 
of output for each of the two industries to operate at so 
that production just satisfies the total demand for a final 
product. In other words, equilibrium exists in this two- 
industry economy when the total outputs of dus tay ome 
and two are in balance in the sense that just enough of 
each is produced to satisfy both the finai demand and the 
input requirements for each product. Again, in tice cener al 
case, the two-industry economy becomes an T> DHCUStELyY Secon. 
mi and the rest of the above discussion remains the same. 
Proceeding with the solution to the two-industry problem 
me ft xy and Xo represent the total output requirement of in- 
dustry one and two respectively. These quantities are row 
sums in terms of Figure 1. From the discussion of the two- 
industry economy and the assumptions relating to the pa 
output model it follows that for each unit of jee jth 
commodity produced a fixed input of the ith commodity is 
required. In other words, a unit output respectively Ga 
electricity or steel requires a fixed input Of CLeCtricicy 
and steel. These fixed requirements are the constant in- 


put-output coefficients referred t) in the final assumption 
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fable 1. 
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M. 
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Definition of Tabular Entries foi tice 


level of input from the ith activity to the jth 
Gen) tae 


total intermedmate, 16d U1 Lemei esol. ecm: ith ac- 
tivity's input. Shas is consumeqs we tieineetnc 
school. 


level of input trometne 1°! act vit oman 
ict iwoucouce 


total final requanement, tor the 180 (ieee e's 
input.’ ois 1S GComsumed by an CULpUEeaGmayiey 


~Otal requirement for the 168 activity simone. 
This is the sum of M. and N, the intermediate 
and final reouirements. 


level Gi resources shed red to preduec saailc jth 
output. 


total intermediate requirement for the tt re- 
Selec = 


level of resource t required to produce the kth 
OUEDUE. 


tObALtIMNale reduiremnentstor tne tth resource. 
Ota ee hedtUt remeis inet a tine tth resource. This is the 
sum of O, and P the intermediate and final re- 


> 
quirement for the tth resource. 


level of physical output for the kth output activ- 
eye 
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mebating to the model. These coefficients stor endecep roo lem 
ee yy.” Xp! be 2 ee a 


X59/X>- In genéral these coe#ficients@ameudetimedsby ay 
ee The total output requirements, xy and X5, May now 


Bemexpressed as: 


aT, oleh lp eee ee 
<2 EE 222 

Eroaceedineg to solve these two equations yields: 
Sy oS ese 


d = 


Dee 


ti (l-a, 


1 2)%X2- 


Meese expressions can be more clearly expressed in matrix 


Meracion as tollows: 


Pe By sy a 
ee 207 Xo 2 
This last expression can be more compactly written as 


(I-A)x = d. 35 


Birect solution of this last result for x completes the problem, 


15 
This type notation will be used throughout the re- 


mainder of this thesis. A will denote the matrix [aij], x the 
vector of outputs, d the vector of exogenous demands, and I 
the identity matrix, 


0 
ie it) 
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ae 
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and it follows that x = (I-A) d.}® It can be seen that the 
sppeopriate level ofpoutput for Gachwwot thesiwomimdustries 
ime Uniquely determined for a given exogenous sdenand- 

The solution of the mathematical problem portrayed in 
Ieeotire 3 is the determination of a budget enor ce1> tone 
memeor as defined in dable 1) for a eiven ouemueetevc land 
jx. the solution to this problem is basically the same 
Mmeene sSOlution to the classical two-industry economy 
imeontieff problem just discussed. The only changes occur 
meme result of having a@ vector of outputs that determines 
the exogenous demand and a two-component primary input 
match specifies dollar expenditures in addition to person- 
Mmeeeor labor inputs. The first step of the solution is 


ai 
i 
- 


: 1. 
is oes ary a As an is a 1 
Otel Mreeus romer uy Lee eee oe 


Ce 


$1) 


ct 


Mme GetTermination of tine 
miyaty's input. This is determined by using historical 
Bmasetary data for a known output level and mix. Once 
aris has been determined the input requirements for any 
Seder Output level and mix may be determined. The second 


mrep Of the solution simply involves the use of the now 


16 
Phemaues €Omee. slilenexX1 Ss LemeGe (OL sas Matrix inverse 
is always of concern. It has been shown that when age" 
n 
ge oy 255 ie eee eee eee tC net emetic Siero tr 


the matrix ae Vines te Mice rerstecondi tien wai) 


always be satisfied as the physical process considered in 
mors thesis requires that the aj4 be non-negative for all 
1 and j. The second condition may or may not be satisfied 
ier any particular institution, and can be verified only 
meter the school has been cast in the format o- this 
model. See 

Reem solow, “On the Structure of Linear Models, ~ 
meomometrica, v. 20, p. 29386, Jamiary 1952. 
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mown input requirements) in dete rami. tie wtoma minced — 
Meaiate and final resource Trequijvemeitc am OlmmeemoliTe ss 


mit Table I it may be Seen that Xx; = M. + N; Ore, 





n m 
Xs = > eo + ). Ley (geo oa 1 52 etreren 10 ice 


Since 
and 


it follows that, 


n m 
-) ae = t \ erik Ly (eo ised 
Ne 


k=] 


Deer) ennai 


Mmmmes last expression can be portrayed more descriptively as, 
a , ( 
ie 24 | ‘ + [Six | (2) 
nxl He eect nxm mxl 


Bem, DY denoting the identity matrix lees tice SO hiiteoimeen 


Sepression (2) for Xx; Procceasce as £0) lows: 


‘’This expression may be written in this manner since x 
is used to denote the Chanewese OF Xs 








Pe Pg OL. 
BL Bel, Bl BL, © 


iis completes the first step of the soluticm as) equation 
jm) provides the expression for selving for the activity in- 
pilGerequirements for a desired output level and mix. Now 
maurning once again to Figure 3 and this time looking at 
the lower portion of the model it is evident that EY = 


a + Pi. ies was eMOm eee dial mo mes se cd nace, 


t 

n m 
E. = \ BX, ; + >. DL yy co = ne 

j=l k=1 

Again, as before, 
n n 
) BX, y Bh; X; (for t = 1,2,...48) 
lie Jol 

and 
m m 
> DL, - ». Dey Ly (horet =i ven.) 
k=] k=1 


substitution of this identity relation yields, 


n m (4) 
E. = ) Be A a ) De Ly Gnome te = 1,2,...,%). 
j=l k=1 


See again expressing this result as in the development of 


mit follows that, 
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Hebd, bo BL, « 


&xm mxl 


puestitution of the expression for A determined win Equat som 


(3) into this equation gives, 


EL Pal Fed? all: Pela} 


ext on &xm mxl 
lmeuetion (6) provides the value of the total indirect resource 
memiarement, the first term, and total direct resource redquire- 
meme, the second term. Equation (1) and (4) are in actual- 
Mmevetme result of a normalization process that may be derived 
meecie following manner. It is clear that the expressions 
n 


n 
Mee sok-. and .2 
tet 13 ils 

1 


mee Same matr 


Sik ae are two equivalent ways of expressing 


4d c = : Ve 
rf =~ f+ ww ne dy aie Y 4hrhawea fer sige ae mv Sac yur) 
CCEOT pro ee ana, ViiCTCLlOTS ,y et He ee. 


Nn 


Pee OX-. = .y. S-: XX... Eliminating the Summearions in 
tee 2 6S 


e 
<, 


fenlia t 
mie last expression and equating the products, term by tern, 
yields SX; = or Xs. From this result, it follows that 

FG = (SX; 4/X5)5 in similar fashion, G,, = (GL, ,/L,), Be; = 
(BX, j/X,), end Ds = (DL, ,/L,). A review of Equations (3) 
and (6) and Table I shows that it is these expressions that 
meemised in the calculation of total activity input require- 
ments and subsequent computation of total resource require- 
Memes. Figure 4 portrays the condition of the tableau after 


M@iese calculations. At this stage of solution, the indivi- 


dual entries in the tableau have been reduced to the unit level 


‘®The reader is reminded that = 1S SIMp Geetwe tnralispece 
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pa activity, or normalized, for ageiven Jeveleancen Enon 


n m 
raeeure 3 _ can be eee that Xs = 424 r + 421 GL, 
and E, = Tl BX. 5 + 12, DL... Substitution of the normalized 


nmesults just determined produces Equatvrens (Ge) and (4). 

The remainder of this Chapter will be devoted to a dis- 
@emssion relating to the application o£ the general model to 
the school and comments on the assumptions relating to the 
meael, The structure of the school is actually contained 
mieene matrix of Section I of the model. This part of the 
meael must contain all those elements that contribute either 
memeectly or indirectly to the production of output if the 
mimeerrelations among the activities are to give a true pic- 
fere Of how the school functions. he only constraint on 
Mmcetail presented Gil tiis Section 6i the model is tlhe 
mae tO which the input elements may be meamangtully dis- 
@eeregated. Theoretically, at least, it would be possible 
Memlist every person associated with the school as a separate 
moc. However, this author is of the opinion that the ex- 
Mmemses incurred in collecting and maintaining data such as 
this would make such an approach of questionable value. For 
meemost part the inputs of the educational institution list- 
ed in this Section of the model will be identified easily. 
Mmerey will include such activities as libraries, computer 
Macailities, academic departments, medical facilities, admin- 
Mmetrative activities and on and on. These input activities 
meould be found listed as individual entries in the school’s 


beegvet. The first assumption relating to the input-output 
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model requires that there be a sinclle output sicasenc ton 
each of the activities listed im the model. | Henmee. there 
must be a single output measure for each of the school 
fem vities containedwan Sections] ofm@tie wmedele Sihese out- 
mut measures provide the data for the model; they are the 
iotial SX; ; entries listed in the tableau depicted in 
meeure 3. I[t 1S not uncommon to find that a school has 
fee defined activity output measures. It would be nice to 
mewe, for example, the number of pieces of paper processed 
Dy an administrative department for itself and each of the 
mitaining school activities or to Know the number of issues, 
Search requests, or orders processed by the library for each 
Eeement of the school. In the absence of defined output mea- 
SSiDi O often necessary je tc whee 
to the use of manhour data available in budget or other man- 
@eement related reports. If the manhour data is available 
ome aS an activity total then the total must be apportioned 
Mmemche remaining school elements. This may be done, for ex- 
ample, by using such a procedure as spreading the total time 
empended by a payroll section based upon the percentage of 
total employment for each school activity. A different but 
Seau@ally useful alternative is the identification and use of 
muexy measures for the entries. This procedure is often nec- 
essary when it is impossible to produce or gather any data 
that can be used to represent realistically the amount of 
meput an activity provides itself and ad Votier sanpue oc ke. 


ments. The proxy measures are usually obtaine. from a 
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budgetary Or other management-type reper te oe ea ce 

macht be the decision to use the numberso; seem amen — 

bers as the initial input coefficients for library or 
pemouter facility imputs Gowother school aetivities. -- 
Section I of the model portrays the explicit and the im- 
mement decision rules relating to the school ihe ex- 
plicit rules are displayed in such ways as faculty to 

Beatt ratio or faculty to graduate research assistant ratio 
being set by the dean or academic council, faculty degree 
Mevels necessary to maintain accreditation, or desired 
faculty to student ratios. Implicit decision rules relate 
Peamarily to internal operations. Examples include the 

mee vision of secretarial support, operation of duplicating 
Mumprinting facilities, or janitoriai &nd custcdial support. 
mesummary, it may be stated that Section I of the mode 
(with the addition of a student body) represents a micro- 
@e@sm of the school. 

Iie .OUGg@pUuLeSection G1 tne tableau, cecction musa. mic — 
ure 3, can be used to measure any form of end product de- 
fered. These output measures might include such things as 
mambers of faculty classroom contact hours for students in 
a given area of study, faculty Mescanei cir Reudieee Pismo 


pulplished articles, or time spent doing research work. They 
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tnewuse Of Dien, inipun oettrerents hase been used ii 
Department of Defense research for construction of some of 
their models. This approach has provided valu:ble informa- 
tion to the model builder. Results of initial tests using 
this apprceach have been encouraging. 
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may also be of the form of a value-added come ane ec niicmon 
measuring the contribution of education to economic growth. 
Immethis Sectlongeas inethe piirst pa themievc lot samerepation 
eed span the entire spectrum from Listine ecaem sreucent, 
maculty member, and all other school-connected outpurs 
marough a listing by primary courses of study and interest 
to a gross listing by degree area and faculty department 
Mei iation. Student output, for example, might be mea- 
sured on an individual basis, by specialty within a given 
meet (8.5. in Education), or just by degree level (B.S., 
M.S., or Ph.D.). Research might be categorized on an in- 
dividual basis, by research areas of interest, or by aca- 
memic department area. Once again it seems that the 

Bact icaiity of measurement and cata coliection Willi re- 
Quire aggregation to the level of major courses of study 
mer Students and primary area of research interest for 
mesearch conducted by faculty members. 

The remaining two Sections, III and IV, of the model 
will be discussed together as the level of aggregation for 
mpieom must be determined from consideration of the detail 
eeepressed in Sections I and II. As expressed in Equation 
fo the row sums of Sections III and IV comprise the en- 
mee ScChOOl’s budget. For this reason the categorization 
massets, monetary expenditures, and personnel should re- 
Mmecct the level of control built into the budget. The 
mevel of aggregation here will therefore reflect the de- 


eisi0n maker’s perception of the amount of control that 
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ile must exercise over the school. ~Asainmvexpl et eeeecis ion 
rules may be indicated by the development of ratios or 
Hanmimum and maximum levels that determine the valuem@ot any 
tabular entry in these Sections.?? 

Having completed the wdiscussion=relatime. comene sane 
meecation of the model to the school, the assumptions re- 
lating to the input-output model will now be discussed. 
ire Lirst assumption relating to a single output for each 
Becivity imposes no conceptual problems. Those activities 
Mmae in actuality do produce more than one output can be 
handled by either forming a vector of outputs which would 
ema listing of all outputs for all activities and there- 
imme primarily composed of zeros for any one activity, or 
meetne disageregation of an activity into multiple activ- 
meres €ach of which has a single output. The second assump- 
m_ummere lating to the €xistence of CanStant returns fo sealer 
meepreviously mentioned, means that if all inputs are 
doubled, tripled, or increased k-fold then the outputs are 
mmereased the same respective amount. The final assumption 
mmr ing to the constancy of the input-output coefficients 


ies been the subject of major criticism of the model. A 


20 

This may be accomplished by establishing the number 
of professors of a given rank for an academic department or 
@etermination of a faculty to student ratio, and then given 
m@estudent leyel the faculty size is determined. This last 
seample is drastically simplified as tenure, experience, 
and other similar items must be considered also in any 
mering policy for a school. 
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particularly good discussion relating stom newest 16. son. 
@he coefficients ts providedeby Hatamak acme ion 
believes that certain portimens of Hatamaka Ss crtercism is 
meant to be directed at a causal-explanation prediction 
termed. In view Of the current stave -om the. 17, pone Cue 
Smeput cost models care should be exercised to consider 
femanaka’s comments in relation to the pure prediction 
cass of models. 

Hatanaka's first area of criticism relates to weak- 
meeoes resulting from ignoring certain factors considered 
in production theory. He specifically categorizes short- 
Semings as being the result of ignoring or overlooking one 
mamemore Of five basic factors of production. First, the 


1 as. oe as ha es Wears ~~ 
SUDSTLEUtTLON. Price 


ota 


a cr 
bs a ae 
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meewel ignores the occurrelce o 


cb 


E@estitution, however, 1s a very real phenomenon and choice 
ememe alternative inputs is very dependent on relative in- 
fame prices. Second, no accounting is made for economies 

Smart seconomies of scale for inputs which are consumed by 
Pepa. elements. Third, certain factors of production which 
mmemmoutside the model are ignored. This criticism results 
fuom a failure of the model to account for such things as 
Capital stock or depletion of natural resources. Fourth, 

me model fails to account for joint production. This short- 


Seming results from the establishment of a single output 
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Hatanaka, Michio, [he Workability of In*rut-Outcput 
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measure for each of the model's ianpueeelliement ee tec xa 
Bf this joint production is the méedijcaleantennmonemestacn te 
As a doctor this man is himself an output of the system, 
yet as an intern or resident he contributes to the system's 
soncribution to society or the commumity. Fifth ~oand last, 
fe model fails to account for technovopgical progress dur- 
ic the time-frame under consideration. This relates £6 
mie inability of the school model to account for or include 
magovative changes that relate to the variables and data 
meed in construction of the model. 

A second area of criticism relates to weaknesses that 
may occur as a result of the manner in which the model is 


Semstructed. Difficulties may arise as a result of the 


ree 


fener in which activities are defined and can be affected 
Meche times when the data are measured. The result, as 
foeanaka points out, can be that the input-output coeffi- 
cients may change as a result of the manner in which the 
mo@el 1s aggregated, or as a result of a change in the 

fe ture of old and new production procedures. To visualize 
the effect of the manner of aggregation assume that there 
feeein fact two constant coefficients. If these coeffi- 
memes are added during aggregation of the model there 

is no longer any reason to assume that the constancy of 

the individual coefficients has been maintained. The mixing 
oe old and new production procedures can be clearly illus- 


trated by considering an industrial firm that is faced with 


a reduction of demand for its product. Assume, for the 
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purposes of this example, that thissandusen sce sin +a¢e 
operate an olld and a new production process in pod we amie 
its output. When the industry's sales drop, it will un- 
menotcedly cut back on production. by tne» olaumcces.. 

When business improves, and sales begin to increase again, 
the firm will probably choose to expand by increasing its 
mew process rather than restarting the old process. edhe 
ema result will be that the relative proportions of old 
and new production lines have changed and hence the in- 
ellt-output coefficients have changed.** A final problem 
May result from the way in which the model is built. 

This relates to what Hatanaka calls the dilemma of ag- 
euegation. This problem relates to the two-sided nature 
Pee Input-OUtpUT, or the fact that we must Stuay tne ac- 
Sryity's providing role of furnishing its output as input 
me an intermediate or final output activity and also the 
metivity's consuming role of uSing Supplied inputs in the 
Production of output. Difficulties may occur in physical- 
ly classifying inputs and outputs as the input-output 
merulcture requires that an activity's consuming role clas- 
mametcation be used in the determination of its classifica- 
mon fOr providing its input to other activities. This 


problem area should not present major problems in applying 


22 
It really does not matter which process is cut back 

as the combinations available to the firm when business 

micksS up can still lead to a change in relative rates, 

and hence a change in the coefficient values. 
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input-output procedures for the construction of a school 
cost model. However, consider for a moment an industrial 
application of input-output modelling at the national 
economy level. The magnitude of the problem using this 
classification scheme to categorize all the industries 
me chat nation 1S apparent. 

In closing this Chapter, the probteneot validaeionge. 
a model such as this will be discussed briefly. There are 
essentially two approaches that may be taken to de Ge mee 
the ability of the model to provide accurate forecasts. 
The difference in these approaches is related only to the 
time period for which the predictions are made. One method 


of prediction is to construct the model now and [one ciate 


= 
=a «= to 3222 wo 


Subsequent bdudge O 


ni 1 re eo + 
= core +4- “> Cc 
2 fa Ociles pose me 


Piety 2S eG use aloe 
torical data available in the school to build the model 
and predict a budget for which a realized value already 
exists. In other words if budgetary data is available 

in a useable form from 1950 to 1970, use 1950's data to 
build the model and then predict 1951's budget, 1951's 
mempredict 1952's, and so on until 1969's data is used to 
predict 1970's budget. It would seem to this AVEO eth ae 
this approach is more promising than the predict and wait 
alternative. Once the predictions have been made, ir- 
regardless of which approach is used, and actual pmcicet 
realizations are available, the predicted and realized 
value are compared and an error frequency disrupt ene 


Ss 


constructed for the prediction errors.** Oncc this has 


soWesmeop. Cit. 
A7 








been accomplished it is then possible to repeat the same 
procedure using any existing model the school has been 
using or any other models of interest. Comparison of the 
various results will then provide information relative 

to the accuracy of this model in comparison to the others 


@mested. 


48 








ivy; APPLICATION OF THE INPUT-OUTPUT S@0S TesriG ieeece meric 

NAVAL POSTGRADUATE SCHOOL 

in order to demonstrate the mannewe tie ices eioot 
may be cast into the input-output framework and to show 
meuie Of i1tS uses the general model will be vapotved co. the 
Naval Postgraduate School. To simplify the understanding 
meetchne application of this model, or for that fact any 
other model, to a school it is necessary to become famil- 
memewith the basic operation of the school. 

mice NavalePosteraduate School primarily seomecroece — 
meees at the Master of Science level. The School also 


memmacers baccalaureate, éngineer, and doctoral-level de- 


Meees. table JI presents a listing of the various cur- 
fmicula offered by the School. For the most part student 


imput occurs twice a year and the various Master's level 
programs are of approximately elc¢htwquartenrs, "Ore twomc amor, 
duration. The instruction presented by the School comes 
from a faculty organized into the academic departments 
Mested in Table III. The faculty is required also to sup- 
meet and maintain an active research program in addition 
memits teaching responsibility. The faculty is composed 
principally of civilian professors with some military in- 
meructor supplementation. Student organization and control 
meeprovided throweh the military-directed program elements 
listed in Table IV. This program organization assists in 
the student's academic development as well as iccomplishing 


Meeessary academic and military related record-keeping 
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itable Il. Curricula at the Naval Pestoamaduavemoenoo l= 


Curriculum Curriculum Number 
Pevanced Science 380 
meronautical Engineering 610 
Baccalaureate 461 
Communications Engineering 600 
Meeaneering Electronics 590 
Pmeineering Electronics (Special) | Age 
Communications Management 620 
meeineering Science 460 
Meteorology oval 
Advanced Meteorology STZ 
Oceanography 440 
momputer Science 368 
memputer Systems Management 507) 
Management 814 and 817 
Mathematics 430 
mayal Engineering 570 
Operations Research/Systems Analysis 360 
Poeclear Engineering (Effects) BZ 
Underwater Physics Systems §35 
Seamence Systcms Birginee ring 5306 


mextracted from the Naval Postgraduate School Catalogue for 
1970-1972. 
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fable III. Academic Departments at the Navaleveseoraduate 
Seo las 


Meteorology Department 

mecetrical Enecimeenmine Departimens 
Mathematics Department 

Material Science and Chemistry Department 
Operations Analysis Department ** 
Government and Humanities Department 
meronautics Department 

Mechanical Engineering Department 

Physics Department 

Business Administration and Economics Department ** 
Oceanography Department 


se) 
tO 
“Je 
SS 
I ' 
_ 
tO 
~] 
2) 


**these two academic departments were merged in 1971 to 
merm the Operations Research and Administrative Sciences 
mepartment. 








Table IV. Program Elements at the Naval Postgraduate School* 


ACrOnauti cCal@rmeoineerine Program. 

Electronics and Communications Engineering Programs 
Ordnance Engineering Programs 

Naval Engineering Programs 

Kav ronmental Selences Proce rams 

Management and Computer Science Programs 

Pag tice rile waclenee =e roe mans 

Baccalaureate Programs 

Uperations Analysis Programs 


*Extracted from the Naval Postgraduate School Catalogue for 
m70-1972. 
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functions. Academic assistance 1S provided throuweh the 
mrogram office serving @S an interface belwecmmmnces eu 
dent and the academic departments in establishing and co- 
Ordinating elective sequences, determining Curricula re- 
moarements, and in other related activities. The curricula 
offered by the School are designed to fulfill specific re- 
quirements within the Navy and hence subject to review and 
moproval by agencies external to the School. 

Having presented this brief description of the opera- 
tion of the Naval Postgraduate School, it is now possible 
moecast the School into the input-output framework de- 
memonped in Chapter JI]. For the purposes of this thesis 


the outputs of the School are considered to be graduates 


me 


and faculty research.** <A graduate, rather than a student, 
was chosen as the output measure because the graduate was 
mettally considered to be more representative of an out- 
put measure. The use of a graduate rather than a student 
miso simplified the data collection effort. It should be 
noted that with this particular output measure it would 

be possible for an individual to attend the school, place 
demands on the system, and never be counted as output. 

tite chance of this happening aL the Postgraduate School 


1s not too great, however, due to the awarding of Diplomas 


of Completion to those individuals not qualifying for a 


2% 

Graduates were considered to include th se individ- 
mais who received "Diplomas of Completion" as 211 as ac- 
tual academic degrees. This was done as these individuals 
did in fact complete a full course of instruction. 
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degree. Further dis¢eussion of OULpUDsneasic ace ce 
impact on phase I and phase II of the total research ecf- 
mort Will be discussed later. Inputseremenccceanenut 
elements in addition to faculty instructton hours and 
faculty research effort hours consist of mManhours of sup- 
port from such activities as the library, computer center, 
aaa Other similar School elements. The structure of the 
menool, Section I of the model developed in Chapter III, 
was taken to be the configuration established in conjunc- 
tion with the School's Resource Management System.*° This 
system has identified 44 data collection points or cost 
meee rs and the procedures for the collection of data re- 
maeed to resource utilization and expenditures. The in- 
mile) data available from this reporting scheme 15 iimited 
to the total number of manhours and total amount of expen- 
@mtures for each of the data collection points. Provisions 
meve been included for the use of work unit measures in 
this accounting scheme, however, only a few such measures 
mave been identified. These 44 cost centers, with minor 
modifications, have been taken to be the framework for the 
school, or Section I of the model. The fiscal year-end 
reports prepared in conjunction with the Resource Manage- 
ment System have provided total manhour and dollar expen- 


mrtures for each of the cost centers in the school. The 


25 
Nivdiebosteradiatc s5eno0l Instruction JilOFIC, 


pubject: Management of Resources, 14 October 1970. 
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42 elements that were used in the final Gconstpuetronsoteine 
square matrix of Section I of the medel are listed in Table 
V. 

The summary data contained in the RMS reports for fis- 
cal year 1970 was used to construct the tabular model for 
milemPOSt PT aduate School. solnce thls ed aedcols 1s toomonesa 
total number of manhours and dollar expenditures for each 
lement Of the school, the M, and the 0; TESPeC tl ye lym 
terms of Table I and Figure 3, it was necessary to develop 
Brocedures to construct the individual row entries which 
produced the individual M.'s and O,'s. This was necessary 
fer the solution of equations (3) and (5) in the process 
mamoiscine the model to predict future requirements. If the 


é 
oh os 
heen e 
ores a 


th 


Mmie@ividual cost centers maintained information in 
way that the amount of support provided to itself and other 
School elements would have been available, these procedures 
memld not have been necessary. To accomplish the appor- 
tioning of each row sum into the individual SX and BX, 
Eemponents, which represent respectively the level of the 

ith cost center's input to the jth cost center and the amount 
of resource t required for the jth graduate, seven basic 
Mepullation aggregations for the School were identified. 

fieese groupings were selected by looking at the work ac- 
eemplished by each of the 42 cost centers in the School and 
mentifying for each cost center a population element that 


Pramarily consumed its service. For example, the cost cen- 


m7 econcemmed with civilian personnel actions provided its 
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Table V. The Support Establishment sot thowNavaieeostemaduaee 
Sienoo ls 


Acronautimcalgkncineering Projemaeems 
Electronics and €ommunteations Enoaileemmic Precwane 
Ordnance Engineering Programs 

Naval Engineering Programs 

EnV bEOnmMentigimsetelee sm Oia 
Management and Computer Science Programs 
Rieines Fring sehence 92400 bans 
Baccalaureate Programs 

Operations Analysis Programs 

MeteOTOnegy sWepartnent 

beet r nea) EnormecrimasDepartincent 
Mathematics Department 

Material Ssetence andeChemistry Wepartment 
Operations Analysis Department 
Government and Humanities Department 

Ne nTOuatele Ss Wem a tment 

Neehwanleal Ene iloc rine WYeparthense 
Physics Department 

Business Administration and Economics Department 
Oceanography Department 

Academic Dean/Deputy Superinie: WeowGefor so shan. 
Dean of Curricula 

Pibrduveoeleonce Meparement 

Computer Center 

Maemine Facility 

Educational Media Department 

Compurolier 

Pailiam Personnel Ofticer 

supply Department 

PMbbte Werks Officer 

Swperilitendent' s Avde 

Director Administrative Department 
SPeclurit, sand pOats Citricer 

Aviation Safety Programs 

eee aul) de dene eo 10 

Perst Lveutrenane 

BOQ and Closed Mess Officer 

staftt Judge Advocate 

Shaplairns 

Ulla stiles iesrseitletens 

Recveat lONsOrercor 

Texte OOo ip tary 


Bextracted from NPS Inst 7110.1C; Management of Resources; 
maced 19 October 1970. 
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service to civilian employees of the School and not to mili- 
tary personnel assigned to the Scnoole ss Unhewseucn so roupanes 
finally chosen werye Sehool civilian -ame env iiee ees eat pen 
graduate population, civilian population, military staff 
plus graduate population, faculty pius graduate population, 
muogram area population, faculty population, and total ex- 
memaitures. A complete break out of the 42 School cost 
Senters listed by the population grouping used to apportion 
their total manhours is shown in Table VI. Having identi- 
mcd the population groupings, a representative individual 
mew entry for a primary civilian function would be calcula- 


mecein the following manner. 


sy. = cy.) Civilian population for school element ly 
oot 3 eee ne ee 
J totai civilian population 


emir lar calculations were made for each of the other six 
population groupings until each row sum had been apportioned 
mimeo 1tS individual elements. These individual entries were 
tien used to construct the square matrix of Section I of the 
meme. the entries further serve to identify the inputs, 
outputs, and related flows that exist in the school since 
mmey portray the jth evi eset nO ucCm et Omen e jth ae t Invicta: 
The reader is reminded that these entries in the model are 
ml am terms of manhours. 

(iewdatastonmocetlONM les tne OltpuL Clements, of the 
medcel was gathered from two different sources. First, the 
Resource Management System reports were used to obtain the 


number of manhours and dollar expenditures that each academic 
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Table VI. Apportioning Scheme for Cost Genter siamo tome 


senool civilian and military 


featf plus graduate population 


security and Boats Officer 
Eubtlaic Works Officer 


Military Staff plus 
graduate population 


Mental Officer 

iirector of Administrative Department 
Perst Lieutenant 

BOQ and Closed Mess Officer 

Seatt Judge Advocate 

Chaplains 

Mmublic Affairs Officer 

meereation Officer 

Superintendent's Aide 


Faculty pius graduate 
population 


Library Science Department 


- 


Expenditures 


fomptroller 
Supply Department 


ay le lear Population 


Civilian Personnel 
Officer 


Program Population 
Dive V0. Sehociwee oe nam 
Areas 


Mach ime 7F aea 1) ey 
Text Book library, 


Faculty sPopul atten 


Dean of Cusrreni 


* Data by cost center had been maintained by the Educational 
M-cia Department and the Computer Center and so no population 
meportioning of their manhour totals was required. The 
eleven academic departments and the Aviation Safety Program 
manhours were assigned on a demand basis as explained in 


the text. 
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department devoted to research. Second, Trecordcmavatlap ee 
within the school were reviewed and the number of graduates 
ibys degree area for fuseal year 1970 wemem dct mecca ane 
mmese figures, it was then possible tomeonsure the Naval 
Eestegraduate School Catalogue wor IS¥0-1972eanie to deter- 
meme the total teaGiane requirement in terms of instruc 
meonal hours for each of the academic departments for the 
1970 graduation level and mix. This was possible since 

mee Catalogue assigns responsibility for each course of- 
Memed by the School to a specific academic department. The 
Catalogue further identifies the curricula requirements nec- 
eesary to obtain a given degree. In this present scheme 


elective hours were assigned arbitrarily to the graduate's 


<q 


4 ~ ~~ ° Pca ates = oko aa a ~ fie ss = so, 
degre course @eours for electives few graduames 


Mm 
0) 


mee, 2, 
f[ereeciVing physics degrees were added to the instruction 
demands placed eneete Physres lenartmenn., tOr decrees sim 
operations analysis to the Operations Analysis Department, 
eme@eso On. Also included in this Section of the model were 
mmoucs, in manhours, from those other School activities 
whose functions had been related to graduate population, 
military population, or program area population. 

mie data for the remainder of the model, Sections III 
and IV, was obtained from the Resource Management System 
reports or from other internal elements of the School. 
Eependiture data for each of the School elements and for 
research effort was obtained from the Resource “fanagement 


Pyotem reports. the authorized number and grac- structure 
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of civilian and military staff members was obtained from the 
Sehool's manpower listing [13]. This @datagpmovrded the ame. 
vidual entries for the BX, and DL iy: the res@urce levels 
meaquired respectively to produce the jth or kth GU Olt 
Semponents in the model. With this piet vexplanation of 
the elements of the Naval Postgraduate School and the de- 
scription of the functional-based population elements used 
memapportion total outputs and total expenditures it is 
fessible to construct a specific model for the School in the 
Peamework of Figure 3. The actual framework used for the 
School with sample entries is shown in Figure 5. 

Mtwapplyine tie sunpmr ouLpuG mode l to the Nayar ose. 


meeacduate School it was desired to investigate the capability 


ery 


Seeche model to accompiish four possibié actions. i poe. 
mewas desired to determine expenditure forecasts for a 
@mven level and mix of graduates. Second, it was desired 
memcxamine the effect of changes to the School elements or 
@eeput areas. Caution must be exercised in dealing with 
changes in the elements of the model. Linear approximations 
within the vicinity of an operational point are all that can 
beeexpected to hold. This process may be viewed also as de- 
Meloping the Taylors’ series expansion about a particular 
Meant and neglecting all but the linear terms. Third, it 
meas desired to portray the interrelationships of School 

and output elements by identification of inputs, outputs, 


and related flows. Finally, it was desired to be able to 


compute the incremental cost of an individual sraduate or 
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OA Department 
security Boats 
oor OA. 
Research 

ered | 


OA 
Department 2020 21010 Ber 25912 Sono aet 


Security 
Boats 1450 1128 6 50 59039 


ss ($) 551,697 i 
— ($) 23,762 x 
Other ($) kOe ole % 
mreoressor {(#) 
Mssociate  .,., 
Professor cy) 
Pesistant (#) 
Professor 
Military . (#) 
histructor 
Military 
Officer C2) 
Military 
EM ce 
Civilian (#) 


Total (#) 





* Denotes that these figures represent the total dollar 
expenditure in each category that is devoted to research. 


** Each element listed in Table V appears as a row and a 
Column. Row entries are in manhours. 


Figure 5. Sample Tabular Entries for the Nava’ Postgraduate 
School. 
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to analyze the expenditure changes sehatloceir soe ceres die 
of adding or deleting a graduate OuUupntamcee 

In discussing the output generated enecxewemsine the 
model only percentages and trends of expenditures will be 
presented since this simplifies presentation of the re- 
Sults. Full information relating to the actual numbers 
mbeained 1S available at the Postgraduate School. Table 
mel contains percentage results of using the fiscal year 
1970 data base to backcast fiscal year 1969 expenditures 
mmoeco Lorecast f1Scal year 1971 expenditures. The values 
expressed in the Table are percentage differences, in dol- 
memeecrms, between the forecast and realized expenditure. 
with the realized expenditure used as the base.*® The 
@eumn heading, faculty préparation factor, concerns thc 
eraunt of time allowed in a given curriculum for faculty 
Mmimseructional efforts. It was decided during the initial 
design of the School model to start with a factor of two 
(this means that a faculty member was allowed two-hours 
bmeparation time for each instructional hour) and to vary 
miertactor from this initial value. This factor was intro- 
euced since clearly a faculty member devotes more time to 
@eeraduate than just the ee Cr TOUbBel ASS TOON Inst GuG- 
tion hours of a particular course. Time expended by the 


greulty member for lecture preparation, test preparation 


= Sine Operation used to calculate the Tah e entries 
can be expressed as follows: 


Forecast($)-Realization(S) 


Pereciitage, difference = aoe 
Realization ($ 
62 











Tabie VII. Model Percentage Error Predierroms 


PACULTY PREPARATION FACTOR 


2.0 2a Se 
FY 1969 
BACKCAST +18.9% +8 .6% +0. 8% 
FY 1971 
FORECAST + 7.8% -1.6% -8.6% 


@vuote: A plus percentage factor indicates that the dollar 
forecast was greater than the dollar realization 
while a negative factor was less. 


— 
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and grading, thesis assistance, an@vorier ss iia etieee es 
should be attributed to graduate outputS Simeereer tonaccoune 
for this the model was exercised with those factors contain- 
fain Table VII. This varying of the faculty, preparation 
factor merely amounts to a parametric analysis in an attempt 
to improve the prediction ability of the model. This is per- 
missible since the model has been viewed as a pure prediction 
model. As the reader can observe, the arithmetic value of 
the sum of the two error predictions decreases greatly be- 
fmeen 2.0 and 2.5 and increases slightly between 2.5 and 

geo. When the prediction errors are considered as a vector 
meeeene absolute values the 2.5 factor is associated with a 
vector prediction error which dominates the 2.0 factor. 

Mire 4.0 factor dominates tive 2.0 factO6rT Dut not Cre 2.5 Gear- 
Bor. 

Two observations relative to the results displayed in 
maole VII aré appropriate. First, there were some changes 
Semee maniour and Expenditure reporting scheme of the Re- 
source Management System between fiscal years 1969 and 1970. 
These changes resulted in the transfer of responsibility for 
meperting manhours and expenditures among some of the cost 
@emwers. the result of a change such as this will reduce 
tme accuracy of forecasts unless the coefficients for the 
school elements involved are modified to reflect these 
mrmances prior to computation of a forecast. The type of 
change referred to here would involve, for example, a trans- 


Piro NE NCE POrEIN® responsibility for@-person@el between 
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any two or more elements of the School eiiesemenanoc cm oe 
mot accounted for and hence aftech tite wis eae oa? 
backcast from the fiscal year 1970 data Dascesoccond. ther- 
was a failure to allow for civilian and military pay raises 
mieethe original femmulation of the medel> Miers aiscrenane, 
aS easily overcome as shown in the final School model de- 
Mmeered in Figure 5: By listing military and civilian pay 
meindividual vector entries in Section JI1 of the mode? 
memes possible to include the percentage raise for each 
Peeup aS a constant multiplier in the appropriate rows. The 
eerrent reporting scheme for the School Separates military 
and civilian pay and so this modification is not a problem. 
The incremental cost of one more graduate predicted 
by the modei may be interpreted in aitcrnative ways. it 
mmnot inappropriate to interpret that the school is in 
tet in a true state of long-run equilibrium. In this case 
the costs predicted by the model for the addition of one 
femeewOradiuate should be representative of the long-run 
meees associated with steady-state conditions. It 1s 
Geuottul, however, that such long-run equilibrium conditions 
eeemeced during the period investigated. This is exemplified 
Byeeene student/ graduate re for the years investigated. 


These values were:?’ 


Ee Oo alee GSS 
ye ALI yAe 1757/785 


Pt 1867/9008 


Za7 : 
Samdent totals @ire as of the fourth quermeer in each 
fiscal yeer. 
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Even though the existence of Lum@emequmibe aan s sae 
tionable, it would be inappropriate sto com romene scomp tere 
other extreme and conclude that the School cannot vary any 
of its resource usages. In the middle ground is the short- 
mim which is conis#déred tombe tharmipenieds ie whens cone some 
moe all resource usages may be varred:, sine Scnool s stare 
employment policies and the existence of faculty tenure 
mepresent examples of two specific areas where resource 
commitments for several years are incurred. For example, 
mare ructOmecOntracts MUSE De written generally @ier perrods 
mmmexcesseot 4 year and tenure can preclude, ommat Least 
eamplicate, short notice faculty strength reductions. Thus, 
even though the input-output model might predict a decreased 
Mietructional reauiyement for a parti@Wiar academic depare- 
Meme it would not usually be practical to reduce the faculty 
eeege Of that department in the short-run. This phenomenon 
mame lead to the existence of excess instructional res@eunrces 
in such quantities that additional students could be added at 
femmarpinal cost. Since the initial development of the ‘as 
pime-OUtTput model does not account for such resource immobil- 
ities, the predicted costs for short-run operation will be 
biased upwards where there exist excess resources due to 
fome-run commitments. 

The use of a student rather than a graduate as the OU 
pmeemeasure should reduce the size of the incremental cost 
peeadiction. This should occur since the addition of these 
Seno0o] members will reduce the size of some of the coeffi- 


esuenesein Gection I of the model. This change would also 
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seem to be more Satisfying conceptually scamceeeic eo oehogis 
resources are consumed by all students, not just graduates. 
The model did appear, in the author's opinion, to be 
aole to provide a consistent -rankigeet en meee mC Tt maa. 
uate area incremental costs. It would seem to be intuitive- 
Mmeeconsistent to expect the incrementamcosts ser ucnemmecmmn. 
Or science graduates to be greater than those of management 
Pee ousiness-oniented graduates. his 18s in fact exactly 
mmat the model does predict. Table VIII lists the decreas- 
Miminercmental cost Sequence f0~% a Selechedepnoup OL sdcepuce 
areas at the Postgraduate School. Time constraints did not 
pelow the development of an exhaustive list for all degree 


Bmeas Since eC€ach calculation required the manual copputatizon 


ia 


iemene Output requirements for the additional sruduete. 


tnis reason incremental costs for degree areas that were 
Gonsidered by the author to be representative of the differ- 
piercypes Of instruction provided by the school were computed, 
Seeeecihgineering, Science, and management Science. Ihe 
arithmetic ratio listed with each degree area is a ratio of 
Peearcted dollars using the Master of Science in Management 


momen a 2.5 faculty preparation factor) incremental cost as 


mmenbase COSt. Specifically, 


Degree Incremental Cost ($) 


Arithmetic Ratio = MS, Mgt Degree Incremental Cost($) 


Pein coin on CiCmelrremu PRedleted Mle Teme i. 
tal cost of an additional graduate using the model appears to 
De too large. This conclusion has been reaches after discus- 


sions with school officials, comparison of the predicted 
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Table VIII. Decreasing Incremental Gos ee seaueiees forse leer 
Degree Areas at the Navaleroc-eanaduate choo 


Deg peeeamca AU Lene Giemka tae 
Master of Science, Electrical Engineering* oy, 
Meeoter Of Scrence, Oceanography eo 
Mmecter of Science, Operations Analysis eof 
meisecr of Science, Management 1200 


mimes 1S for a epraduate of curriculum number 570 in che 
Meamal Engineering Program area. Ihis incremental cost 
femeeecne largest of the degree areas investigated. 


68 








incremental costs to scosts at other sehools) siromeanal, cic 
of previous studies and reports relating eto savemace scost.s 
prepared by \Sehool officials, and thepdiseuscroymesitarned 
in the preceeding paragraphs concerning short-run costs 
and resource mobility. 

The model was not exercised to demonserave Tito use ap 
eeanining the effect of changes in Senoel eclementes. siti 
not difficult to envision, however, how this problem would 
be handled. In the case of an addition or deletion, the 
MepLropriace change 1S made to either the matrix of Section 
imot the mode] or to the output listine of Section [I] of 
the model. Once this has been done the new values of the 
M,'s or Ni ‘Ss, the total intermediate and final requirements 
meegectirely for the i£"2 cest center's input, are computed 
aia tne prediction procedure is accomplished in the usual 
manner. [at an internal change occurs, the appropriate SX; 
or GL.,, thes“ scost enters inpue Level tovwaigorier ocr 
MemectT Or a sraduate respectively, values are corrected and 
mec Again the prediction is computed in the normal manner. 

Pie INputs ,.OULpULS. and related flows that so togetmer 
momcomprise the School are depicted ultimately in the com- 
meee tableau of the School. Figure 5 portrays the general 
ieanework of the model and is illustrative of the type of 
micrormation available in the tabular formulation. Examina- 
tion of the individual rows and columns of this tableau 
eeecitically identifies the inputs and outputs and, more im- 


portantly, the interrelated flows. For exampic, the flow 
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involving the Emgineerine Scrence Progra ecommerce d sum 
Figure 6. This particubar  procran sieemne direct output 
Since its primary purpose is to provide Jcolrsesetor  im- 
MividualsS ¢oing On tOsStudies 30 Glew meie cee eecescmec 


Sreecnecineecring. 
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V. SUMMARY AND AREAS FOR FURTHER STUDY 


In summary, it has been shown that input-output pro- 
eedures can be applied tomthe construcrlomommamcos camede! 
for an educational institution. It has been shown that 
the modification of the classical Leontieff model into the 
tableau form of the "Electric" Five-Year Defense Plan can 
provide a model for the school that is limited in detail 
only by the level for which meaningful data is available. 
The relatively simplistic mathematics and supporting tab - 
leaus for the model were developed. 

The procedures developed for the general case were 


applied to the Naval Postgraduate School and the model was 


el to fomecast 


— 


Cli 


“yy, = 2 0 ~ ~~ Pas sae L a= 1a = 
ae ne = : J toe y Ok ‘ he moa 


—A eh we aaa 


cD 


Peercised tc wet 
budgets for a given level and mix of graduates; to examine 
imme errects of Changes to School elements or output areas, 
to portray the interrelationships that exist both inter- 
meee in the School and externally in the output of the 
pemool; and to predict incremental costs for a given output 
moa. iilhe-results in each of these areas were encouraging. 
As a result of the research conducted for the prepara- 
tion of this thesis there seems to be, at Tenet to this 
menor, three areaS in which the use of input-output cost 
models can be of immediate general use. First, the casting 
Geran Organization into the input-output framework tl the 
Montane Cxpliecit tdentat1catiom On the Inputs, OutpuEes, 
encerelated f£lews Can assist the manager in better under; 


BeaneaMmicntnemoperation of his orgailization. Second, if used 


ie 











in a manner as discussed im Chapter 1/ jometnceapplveaeuon 
of the model to the Postgraduate School the predict ronsecan 
be used at least (temindicate Cie ie oe Comore ec cman, 
deficit resources. In this case themmanmacer sean. nen. 
mestigate those areéas@where extesscs@enederreresmarcmorc 
dicted in more detail to determine if any immediate action 
memGeauired..@hOr example, 1t May Set pmol Get descite eeec 
resource does exist. Wath this knowledge it may be possi- 
bee CO reduce costs im Some other area of the organization 
imenacrne better use Of the existime exeess mesouree. 
Penelly, 1¢ Should be possible to bDepin to build actual or- 
Manizational input-output models usins procedures similar 
to those described in this thesis. Once the models have 


q 4. = * 
e oN 3inNvt 
ole to ma. 


Vice eos2 


fad 


meen Constructed it wil 
mests and upon successful validation to begin to use them 
mieways Similar to those previously discussed. 

Whetewarc SCVeTal areas WIG) SCC LONDe esUlEable tor 
fmeier study and research effort in rélation te the usé of 
mei -OULput procedures in cost modelling. The comments 
meat follow will refer specifically to the model of the 
Meal Postgraduate School since it is the model to be used 
mmesuibsequent efforts. First, a better method ef deter- 
mening the amount of output that each element of the School 
Meovides as input for itself, other School elements, and 
Cueput elements should be developed. Jhis will mean, es- 
Poaeal |Yy weenie UdetmitrTon Of GCUtCPUG wWeasures for each eles 
Memimeor thesschool and the maintenance of data relative to 


Hicmamoule Of smpport provided towanother Scnool element er 
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output area. Efforts devoted to thas area shoulldgproyvemmnecs 
fruitful, in this author's opinion yas i nels oa 
more accurate identification Of themsenoo meneame lataen. 
shapis than did the seven@populations used iimeeies eiesis. 
This more accurate identification of support requirements 
Ssnowld also help to refine and inpre ve stie bude neon 
meses) and incremental costs predicted), the model, 

A secomd area fommturther stegdy relates gees thewourpue 
Measures for the School. This area is related €losely to 
the problem just discussed, and could be addressed either 
midependently or concurrently with the first area. The 
use of a graduate aS an output measure leads to fluctua- 


mons in resource demands placed on the School that in fact 


& a as cs 
4 7 e la - ~~ mm 3 
Sent Ge che eoenreoa 


pat 


memmot OCCUr. For the most part, cmrol 
meee not cliange drastically from one year to the next. In 
a small school (such as the Naval Postgraduate School with 
its enrollment of approximately 1800 students) the use of 
graduates as the output measure can lead to unrealistic 
Meedictions. A much more meaningful output measure would 
mem tO be total students aggregated on the basis of degree 
Seeprogram area. This particular output measure was not 
meed in this thesis since it was believed that the outpur 
ijeasune €hosen for initial use in phase I] of the total re- 
Pearch effort would not have toowdrastic an effect on the 
mesultS obtained. As mentioned earlier; the use of a grad- 
uate also served to expedite the construction ee the flee 


emperical mocel due~to the fact that data was ore readily 
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available for a graduate than a student. It is interesting 
to note again at this point the results displayed in Table 
VII. As mentioned previously in Chaptemeey = tness tudenteace 
Praduate ratio for the School 1S Slacnely avec tian. 
to one. The reader will observe from Table VII that the 
Closest prediction for the fiscal year 1971 forecast lies 
Somewhere between a faculty prediction factor of 2.0 and 
m5. ihis faculty prediction factor has the same eftect 
on the forecast as increasing the number of graduates by 
fire amount of the factor.< This results since cither ac- 
Mem has only a multiplicative effect on Section Ii of the 
model. The closeness of the predicted and realized values 
with this 2.0 and 2.5 factor included would seem to rein- 
iemece Che value of conducting additional research with tie 
output measure taken as the student. As has been indicated, 
Mmemereduirement for further research in these first two 
fess lias been discovered as a result of the current auth- 
eyes) research and thus relate to phase I of the overall re- 
search strategy. For the most part, they have been discovered 
mea result of the construction and empirical use of the 
fetual model for the Naval Postgraduate School. It is pos- 
eeele that these two refinements of the model will terminate 
memase | of the research effort. 

Finally, it would be desirable for the model to be able 
to answer or to address problems relating to segmentation, 
Gre eeEOURINe OL Students into an instructional eroup. Furtphem 


Pronmtc wrong Lis lane will require redetimitiion or Section 


75 








II of the model in such a manner as to account for actually 


placing the Students into a planned @elacsmon sections enuc. 


ture so that instructional, resource seca Gencm@sec aime 


determined on a group rather than individual basis. A pos- 


Sible solution to the segmentation issue might result from 


m@entification Of the outputs me asime ere de time Mea mendmemcias 


eman a full académic year, In this@ease the woutomene acim. 


would become, for the Naval Postgraduate School, the number 


Mec tudents inwa @ivem déeree area ror a particular equarte, 


eeetne school year. 


The “advantage of this approgen 1s sence 


imcemodcl Would depict tie wclUrrenl StatuseO: —tlemoce loons 


mesOurces in a time 


scheduling function. 


ch 


ee is ead four timec 
MeL iLlized TOUEL me 2A 


frame “Ehigte COlnNClLacs with the neal 
With this approach the model would be 


2 a a a nw > 
Pocus VOL eee wees tate Guinean 
7 


(7) 


Bee 


CH a 
aw 


diction. These procedures should not be confused with a 


eeparate quarterly scheduling algorithm. What is desired 


mmo meviod of linking projected Outout throuch the model 


memine school's available resources so that planning fac- 


mors fOr segmentation might possibly be developed. These 


maetors would then provide information about the size cf 


Miniruicttondal! @roups for different output areas. Eitomes 


in this area, as mentioned in Chapter I, will be conducted 


imine phase ti. Progress in this particular area will be 


speeremely valuable to the School! as at will assist in the 


ecole t 1denwtti1catton and - detec rmindt ron Of INSGruceor 


requirements. Solution of this problem will aid the School 


Minis werIng taportant questions relating tO.) xcess or dere 


Com Iist TiuGtOnearCSOULrCEs . 








APPENDIX A: EMPIRICAL DATA FOR NAVAL POSTGRADUATE SCHOOL 
MODEL == SSOSOOCSCSCS~—~SSsSSSSSS 
This Appendix consists of two tables. Table I con- 
tains the [T-S5 5] Square matrix for sie wlavaly Post unadmace 
School used for computation of the fiscal year 1971 fore- 
mast. This data is@t1scal year 1970p nistoriealeds tend 
Metrix allows for aeZ.5 faculty preparation factor 1nmece- 
tion II of the complete model. Table II contains two vec- 
fjors. These vectors are respectively the product of tie 
[G..] matrix (output requirements) and Ly vector (cutput | 


level) and the normalized [B matrix which as used in 


tj! 
preliminary runs was a single vector containing the nor- 
Mmelized FY 1970 total dellar expenditures of each of the 
meet centers. For each of the vectors, row one Contains 
emieries 1-6, row 2 entries 7-12, row 3 entries 13-18, row 
4 entries 19-24, ROW NCW tR ies 25— oN row Oeil Tile Slkeeo Ge 


and row 7 entries 37-42. These 42 total entries are for 


the 42 cost centers contained in Section I of the model. 
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